I dentification of a speech-sound disorder is usually followed by a determination of severity; a decision is made about how significant the problem is, and labels such as mild, moderate, or severe are applied. Such severity categorizations typically have implications for service delivery in that severity of involvement may affect choices about frequency and/or length of treatment sessions, which treatment approach to apply, or the choice of individual versus group approaches.
Factors Involved in Severity Determination
From a broad perspective, asking which factors are involved in severity determinations raises the question of whether severity should be limited to the speech-sound skills of the speaker (i.e., disability) or include the effect of that (reduced) skill level on the individual's daily functioning (i.e., handicap). Shriberg and Kwiatkowski (1982) noted that appraisal of handicap requires a great deal more functional information than is usually available; this makes it difficult to obtain a true sense of the degree of handicap in most clinical situations. It also suggests that it may be more reasonable to focus on disability when making severity judgments.
Assuming that a focus on the skills of the speaker is appropriate, an examination of the currently available tools offers some insight into specific factors to be considered. It, at least, indicates what the tool developers deemed to be the most appropriate factors.
One of the more well-known approaches to determining severity is the use of impressionistic judgments made with ordinal rating scales; unfortunately (from the current perspective) such an approach actually offers little insight into appropriate factors because the developers of such scales do not usually specify the factors to be considered. The clinician is generally left free to base his or her judgments on whatever factors he or she feels are important to the decision at that particular moment. Such flexibility may account for some clinicians choosing to use these scales. Choices may also be influenced by the fact that these scales continue to be commonly used with other speech disorders, such as adult dysarthria (e.g., Zeplin & Kent, 1996) or voice disorders (e.g., Yiu & Ng, 2004) .
The use of rating scales raises at least three important issues. The first is the question of their reliability. As early as 1955, Sherman and Morrison noted that ''absolute values of severity measures of defective articulation are not necessarily comparable from one individual observer to another' ' (p. 358) . Recent data from Rafaat, Rvachew, and Russell (1995) confirm this with only 61% exact agreement from a group of 14 clinicians rating samples from 45 children on a 5-point scale. Such variability likely reflects the lack of guidance usually given to users on particular factors to be considered. It is noteworthy that Shriberg and Kwiatkowski (1982) did not report degree of agreement between judges in their study specifically ''because differences in the judges' interpretation of the construct 'severity of involvement' were expected' ' (p. 261) . The variability observed in severity ratings using such scales may also reflect differences in the level of experience among the listeners making the decisions. Shriberg and Kwiatkowski purposefully used clinicians with as little as 1 year and as many as 28 years of clinical experience. Rafaat et al. (1995) used clinicians with at least 5 years of experience (the actual range of experience was not specified). If clinical judgment is to be the basis for our decisions, one might ask how much experience is enough? Is there a point at which our ratings become stable both within and across listeners? Or do those judgments, in fact, ever become stable? There do not appear to be definitive answers to these questions at this point. The second issue regarding the use of impressionistic judgments of severity is whether there is some gold standard against which relative performance is to be judged. Without some reference standard, ratings by individual clinicians lack calibration (i.e., there is no way to judge how meaningful they are). The third issue (which arises from the second) is one of construct validity. Lacking some specific evidence about what to base their ratings on, some clinicians may use what may ultimately turn out to be inappropriate factors to make their severity judgments. For example, it is not clear whether to use intelligibility as one of the factors (see below for a discussion of this question), but it may be quite difficult for clinicians to avoid considering it when making their judgments. This latter possibility is supported at least somewhat by findings from Shriberg and Kwiatkowski, who reported a significant correlation (r = -.74) between clinician severity ratings and intelligibility.
Of the other available tools for determining severity, the factors to be considered are specified, and the number of errors produced is almost always included. One of the most well-known examples is the percentage of consonants correct (PCC) from conversational speech (Shriberg & Kwiatkowski, 1982) . PCC is frequently cited in the research literature (e.g., Johnson, Weston, & Bain, 2004; Persson, Lohmander, Jonsson, Oskarsdottir, & Soderpalm, 2003; Tyler, Lewis, & Welch, 2003) , and it is often mentioned as an index of severity in textbooks on speech-sound disorders (e.g., Bauman-Waengler, 2004; Bernthal & Bankson, 2004; Pena-Brooks & Hegde, 2000) . Other approaches include error counts from citation-form articulation tests (e.g., the Arizona Articulation Proficiency Scale, Third Revision [Arizona-3; Fudala, 2000] or the Test of Minimal Articulation Competence [T-MAC; Secord, 1981] ) and counts of the number of targets affected by the errors (as in the Assessment of Phonological ProcessesRevised [APP-R; Hodson, 1986] ). Other approaches combine error counts with other factors. The severity scale developed by the American Speech-Language-Hearing Association (ASHA, 2000) includes consideration of error types, intelligibility, and stimulability. The Tennessee Association of Audiologists and Speech-Language Pathologists (TAASLP, 2005) developed a similar scale that includes stimulability, intelligibility, and sequencing skills. Consistency of errors is included in the scale developed by Pamplona et al. (2005) .
Taken together, this examination of existing tools suggests that at least six different factors might be appropriate for determining severity. Shriberg and Kwiatkowski (1982) noted that for speech-sound disorders the ''disability typically refers to a reduction in articulatory competence [italics added] for a specified number of sounds at a specified age'' (p. 257). Of the six factors identified above, all but intelligibility are obviously measures of articulatory competence. It is true that the number and the type of errors, as well as prosodic skill (e.g., rate of output, use of stress, intonation) all play a role in intelligibility. On the other hand, so do some nonarticulatory factors such as language skill, voice quality, and effort level. Perhaps more importantly, intelligibility has been said to be a product of ''a speaker-listener dyad'' (Kent, 1993, p. 225) . Thus, it may be more appropriately viewed as a measure of handicap. However, when dealing with speech that is only partially intelligible, measures that focus exclusively on segmental errors are only evaluating the intelligible portion of the sample; competence cannot be determined when the target words are unknown. Therefore, if we fail to account for the unintelligible portion of the sample, we may not be getting a true picture of the disability. Ultimately, it is not a straightforward question as to whether to include intelligibility in determining severity.
A number of other measures have emerged over the years that appear to quantify articulatory competence in some way. As such, they offer the potential to serve as indexes of severity of involvement and may offer insight into other factors to be considered. It is noteworthy that not all of these measures were originally intended as measures of severity.
Alternative segmental measures. A number of the available measures that have the potential to serve as indexes of severity are focused at the level of the individual speech sound (i.e., the segmental level). Most of these were presented by Shriberg, Austin, Lewis, McSweeny, and Wilson (1997a) as a series of extensions to the PCC and were intended for the analysis of conversational speech samples. These extensions were originally developed for research in speech genetics and other etiological research, but they provide a level of detail not previously available in other measures. To provide an index of vowel production, Shriberg et al. suggested calculating percentage of vowels correct (PVC) and percentage of phonemes correct (PPC; a metric also proposed by Dollaghan, Biber, & Campbell, 1993) , which includes both consonants and vowels. To address the broad (phonemic) level of transcription and to address concerns about the reliability of narrow phonetic transcription, Shriberg et al. proposed ''revised'' versions of these three metrics (PCC-R, PVC-R, and PPC-R) that score distortion-level errors (as indicated by diacritics) as correct. To address the question of differentiating between common distortion errors and uncommon or idiosyncratic distortion errors, Shriberg et al. proposed PCC-Adjusted (PCC-A) . In this case, common distortion errors (e.g., dentalized or lateralized fricatives, derhotacized /r/, velarized /l/) are assumed to be correct; only uncommon distortions are counted as errors. The question of the breadth of the speech-sound inventory is addressed with percentage consonants in the inventory (PCI). To address concerns that measures such as PCC may mask important differences in terms of specific sounds or groups of sounds, Shriberg et al. recommend computing versions of PCC, PCC-A, PCC-R, and PCI divided into three developmental sound classes termed the b, j, n, w, d, p, h) , ^, k, G, f, v, ^, u) , and Late-8 (m, q, s, z, 8, l, r, |) consonants, as well as the totals for the 24 consonants. Each of the consonantal accuracy metrics (PCC, PCC-A, and PCC-R, including the versions based on the developmental sound classes only) can be divided to reflect context effects, with subscores on the occurrence of each in singleton and cluster contexts (cf. Shriberg et al., 1997a) .
Recently Shriberg et al. (in press ) presented findings using two additional sets of segmental measures that focus more broadly on error types than just distortions. The first set involves counting the percentage of targets that involve omission, substitution, and distortion errors. These are termed the absolute omission index (AOI), absolute substitution index (ASI), and absolute distortion index (ADI), respectively. The second set reflects the relative proportion of all errors (i.e., the total number of errors serves as the denominator in the calculation). These are termed the relative omission index (ROI), relative substitution index (RSI), and relative distortion index (RDI), respectively. Shriberg et al. (in press ) reported a significant negative correlation between PCC and ROI; thus, as PCC gets lower, the proportion of errors that were omissions increases (i.e., ROI gets larger). Conversely, there was a significant positive correlation between PCC and RDI (i.e., as PCC gets larger, the proportion of errors that were distortions increases). There was no significant correlation between PCC and RSI. Shriberg et al. (in press) interpreted these findings as suggesting that ROI might be a useful severity index.
One final segmental measure is available. Elbert and Gierut (1986) described a procedure for calculating productive phonological knowledge (PPK) of individual phonemes. Use of PPK results in assignment of the child's performance on each consonant phoneme into one of six levels of knowledge ranging from adultlike to nonadultlike in terms of lexical representation. The PPK includes consideration of the breadth of representation of the phoneme by word position and morpheme. Determining PPK requires evocation of a relatively large (311) singleword set developed by Gierut (1985) . Dinnsen, Gierut, and Chin (1987; as cited in Williams, 2000) presented a procedure for calculating percentage correct underlying representation (PCUR) using data from the PPK task. Williams presented data from 10 children in which she related PCUR values to a set of severity of involvement categories. Interestingly, Forrest and Morrisette (1999) reported a correlation of .82 between PCC and PCUR suggesting that PCUR (and by extension PPK) may be a valid index of severity.
Alternative whole-word measures. A number of other potential severity measures are focused at the level of the word. McCabe and Bradley (1973) proposed whole-word accuracy (WWA), which indexes the proportion of words produced that contain no errors. McCabe and Bradley suggest that this measure should be based on data obtained from a variety of contexts (i.e., single words, reading tasks, conversation). Schmitt, Howard, and Schmitt (1983) presented developmental data for WWA from 100-word conversational speech samples produced by 240 children age 3-7 years. Bankson and Bernthal (1990) include WWA (which they term words correct) as a measure from the 80 single-word productions on their Bankson-Bernthal Test of Phonology. Norms are provided based on 1,070 children age 3;0-9;11 (years;months). In his discussion of whole-word measures, Ingram (2002) uses the term proportion of whole-word correctness, which is equivalent to WWA. Although WWA has been available for some time, it appears to have received relatively little attention in the literature. McCabe and Bradley (1973) presented data for a group of children born with cleft palate. More recently, WWA has been applied to samples obtained from hearing impaired children fitted with cochlear implants (e.g., Blamey et al., 2001; Gantz, Tyler, Woodworth, Tye-Murray, & Fryauf-Bertschy, 1994) .
The one whole-word measure that was specifically intended as an index of severity of involvement was proposed by Shriberg et al. (1997a) . The intelligibility index represents the percentage of words that could be understood by the transcriber in a conversational speech sample (recall, however, the previous discussion about whether intelligibility should be considered in determining severity in speech-sound disorders). In the case of the intelligibility index, the transcriber indicates unintelligible syllables (using an asterisk for each syllable) in the transcript and groups them into likely words; grouping is based either on prosodic cues where such cues are helpful or a default ratio of three monosyllabic words to every disyllabic word in all other cases (see Shriberg, 1986) . Questionable words such as those indicated as ''either/or'' or circled as ''unsure'' are also assumed to be unintelligible in the calculation of the intelligibility index (Shriberg, Allen, McSweeny, & Wilson, 2001) .
Phonological mean length of utterance (PMLU) is a whole-word measure that was proposed by Ingram and Ingram (2001) and further detailed in Ingram (2002) . PMLU involves scoring a random sample of at least 25 different lexical words (common nouns, verbs, adverbs, adjectives, and prepositions) from spontaneous speech samples. A word score includes 1 point for each speech sound produced (both consonants and vowels) and another point for each correct consonant. According to Ingram (2002) , points are added for correct consonants ''to distinguish between children who might have similarly long words but who differ in the correctness of their productions'' (p. 715). Thus, PMLU is an index of both length and accuracy of production. A child who says ''top'' for ''stop'' would have a PMLU for that word of 5 (three segments produced and two correct consonants). Scores across all the selected words are then averaged to yield a single overall value for the sample. Ingram also proposed a series of stages for PMLU modeled after Brown's (1973) stages for mean length of utterance (a measure of syntactic complexity), but these PMLU stages have yet to be validated.
A whole-word measure directly related to PMLU is the proportion of whole-word proximity (PWP; Ingram, 2002; Ingram & Ingram, 2001) . In this case each word is scored relative to the adult target; the child's score for each word is divided by the value of the target PMLU for that word (i.e., a fully correct production). For the above example (top/stop), the adult target (stop) would have a PMLU of 7 (four segments and three correct consonants), and the child's PWP for that word would be 5/7 or .71. As with the PMLU, the overall PWP equals the average across all of the selected words. Interestingly, Ingram and Ingram suggested that PWP may be a measure of intelligibility, though the relationship between PWP and intelligibility has not been empirically established. Ingram (2002) also proposed a measure that attempts to capture the degree of variability in word productions; this is termed proportion of whole-word variation (PWV). In this case, multiple instances of the same word are examined. The number of different forms produced is then divided by the number of attempts. Scores range from 0.00 to 1.00. A child who produces four instances of the same word all the same way would have a PWV of 0.00 for that word (no different forms); a child with two different versions of the word would have a PWV of 0.50 (2/4), and a child with four different versions would have a PWV of 1.00. Once each word is scored, an average of all the words with multiple attempts is obtained to yield a single PWV value for the entire sample.
The last of the available whole-word measures is process density index (PDI), which refers to the average number of natural phonological process descriptors that are applied to each word in a sample (Wolk, Edwards, & Conture, 1993) . Khan (2001) referred to this measure as processes per word and suggested that it might be a useful measure of intelligibility. Phonological process descriptors are valid ways to describe error patterns, and so a count of such errors could certainly be described as a measure of articulatory competence.
All of the above measures (both existing and alternative) assume a rather traditional sense of articulatory competence. The emergence of the nonlinear phonologies and studies of the interactions between linguistic levels suggest the need to go beyond such a limited view. For example, it may be appropriate to consider other aspects of the phonological system such as the allophonic rules, the morpheme structure rules and sequential constraints, and/or the morphophonemic rules (Edwards & Shriberg, 1983 ) when we determine severity. Unfortunately, our ability to measure these aspects of the phonology is itself impaired by our very limited understanding of their acquisition (Stoel-Gammon, 1992) . Going beyond a traditional sense of articulatory competence also suggests that interaction of the sound system with other aspects of the language should be considered. The lexicon is a case in point. Sounds are ultimately only learned in the service of expressing meaning (Lindblom, 1992) . Our ability to examine these interactions is, as yet, limited; the whole-word measures discussed previously actually offer some possibilities for measurement of competence above the individual sound level. On a somewhat related note, it could be argued that measures of segmental skill, WWA, and intelligibility are all based on listener judgments. And, as previously noted, speech sounds are produced in the service of creating meaning (i.e., generating an intelligible message). As such, perhaps intelligibility need not be viewed as a confounding measure of handicap but rather as an upward extension of measurement beyond the segmental and whole-word levels.
Defining Severity Categories
The second relevant parameter in severity judgments is the definitions of the boundaries for the categories (i.e., what defines a mild problem? a moderate problem? etc.). Like the question of factors to be considered, there is also no consensus on how these should be established. Cutoffs are provided for the Arizona-3 and the T-MAC using standard deviation units, but these do not appear to have undergone any external validation (i.e., it is not clear how the limits of each category were determined). Relative to the PCC, Shriberg and Kwiatkowski (1982) established their categories using average ratings obtained from a relatively large group of clinicians (n = 52) as the standard of comparison (i.e., they used clinical consensus). A more recent validation study (Garrett & Moran, 1992 ) took a similar approach and reported a significant correlation (r = .89) between APP-R scores and severity ratings made by 10 speech-language pathology graduate students. Both ASHA (2000) and TAASLP (2005) also made use of a form of clinical consensus by asking expert panels to define both the factors to be considered and the required levels of performance for each factor in each category. However, for a profession in the throes of an evidence-based practice revolution, the use of such expert opinion is open to question. ASHA (2004), Dollaghan (2004) , and Guyatt et al. (2000) all suggest that expert opinion is among the lowest levels of evidence to be used in clinical decision making. However, lacking a comprehensive program of investigation to establish the reliability and validity of any particular measurement approach, expert opinion may be a reasonable place to begin (Dollaghan, 2004) .
Age Considerations
Finally, decisions about severity in speech-sound disorders in children require consideration of the age of the speaker in order to account for developmental expectations. The Arizona-3 and the T-MAC automatically adjust for age through the use of standard scores. Shriberg and Kwiatkowski (1982) reported that the clinicians in their study frequently listed age as one of the factors used in assigning severity ratings, and partial correlation analysis bore this out. Together, PCC and age accounted for almost 65% of the variance in the severity ratings (vs. 38% for PCC alone). No specific adjustment for age was provided for the PCC in the 1982 study, but in an updated discussion, Shriberg et al. (1997a Shriberg et al. ( , 1997b highlighted a set of reference data (Austin & Shriberg, 1997) derived from the conversational speech of more than 650 children. Such reference data allow calculation of z scores relative to age. In the original version of the APP-R, Hodson (1986) attempted to account for age by adding age points, but the motivation for the particular number of points being added at each age was somewhat unclear. The updated version of the APP-R, called the Hodson Assessment of Phonological PatternsThird Edition (Hodson, 2004) , allows for the calculation of percentile ranks based on data from a normative sample of 886 children.
Focus of the Current Study
The current study represents a beginning in the evaluation of a list of measures of articulatory competence that might serve as indexes of severity of involvement in speech-sound disorders. Clinical ratings (i.e., expert opinions) were used to provide a starting point for this evaluation (Dollaghan, 2004) ; this approach makes no assumptions about what the appropriate factors might be in determining severity. The use of expert opinion is also consistent with the approach taken by both ASHA (2000) and TAASLP (2005) . Very experienced clinicians were used in the current study in an attempt to reduce some of the variability in the ratings. Specifically, the current study attempted to address two questions: (a) Do any of the alternative measures described above capture more of the variance occurring in severity ratings by very experienced clinicians for children with delayed speech compared with the others? (b) Does actual knowledge of the age of the children affect severity ratings by very experienced clinicians?
Method

Speech Samples
A set of 17 conversational speech samples was used for the current study. These were the same as the initial samples for the Early-Follow-up Group described in Flipsen (2002) . The children who provided the samples (see Table 1 ) were all diagnosed with speech delay and included 12 boys and 5 girls ranging in age from 2;11 to 5;3 (M = 4;1, SD = 0;7). The gender ratio is typical of this population (Shriberg & Kwiatkowski, 1994) . There was no significant difference in age between the males and females (Wilcoxon-Mann-Whitney p > .05). All of the children achieved a standard score of at least 85 (M = 98, range = 85-138) on the Peabody Picture Vocabulary Test-Revised (Dunn & Dunn, 1981) suggesting that they all had receptive vocabulary skills within the normal range.
Testing included a large number of tasks representing several domains. Data for the current study were based on analysis of the conversational speech samples obtained at initial testing using procedures described in Shriberg (1986) . Recordings were made in a quiet test suite using a tabletop-mounted microphone positioned so that mouthto-microphone distance was approximately 6-8 in. All recordings were made on high-quality analog cassette tapes. Testing and transcription of the samples were conducted by a single experienced, certified speech-language pathologist, a university instructor with nearly 30 years of experience in child phonology. Transcriptions were made from the original analog tapes. Transcriptions of all the samples were carried out at the narrow phonetic level using the system of Shriberg and Kent (1982) . Note that the Shriberg and Kent system assumes that the targets are English phonemes (i.e., no non-English symbols are used).
The diagnoses of speech delay were based on the narrow phonetic transcriptions of conversational speech samples containing a target of up to 90 nonquestionable word types. Transcripts of this size have been shown to provide a relatively representative sample of all English phonemes and canonical forms (Shriberg, 1986) . The actual samples varied in length from 50-97 words (M = 83.1, SD = 9.6), with only one sample containing fewer than 78 word types. Some of the samples did not meet the target of 90 word types because of reduced intelligibility and a desire to avoid fatigue effects on the part of the children. Once transcribed, the samples were analyzed using an updated version of the software Programs to Examine Phonetic and Phonologic Evaluation Records (PEPPER; Shriberg et al., 2001) .
PCC values for the samples ranged from 43.5% to 76.7%. Using category boundaries suggested by Shriberg and Kwiatkowski (1982) , 10 samples met criteria for the mildmoderate category, three samples met criteria for moderatesevere, and four samples met the criteria for severe. The correlation between age and PCC (r = .272) was not statistically significant ( p > .05). Age ranged from 44 to 60 months for those children in the mild-moderate category, from 38 to 50 months for those in the moderate-severe category, and from 35 to 63 months for those in the severe category. Taken together, the samples appeared to represent a range of potential severities, and those severities were distributed across the age range of the children.
The samples ranged in length from 4 to 13.5 min (M = 8 min 28 s, SD = 3 min 4 s). Such variations in length were due to the word-types criterion used for the samples combined with variations in intelligibility (percentage of words understood = 41%-97%, M = 85%, SD = 14%) and/or variations in word selection by the children. Thus, for the less intelligible children and/or those who made more limited word choices, it took longer to generate a sample containing at least 90 different words. As noted previously, some samples were terminated short of the 90-word goal in order to avoid fatigue effects. The choice to use the entire sample for the ratings rather than more limited subsamples equal in size across the group (cf. Garrett & Moran, 1992; Shriberg & Kwiatkowski, 1982) was based on the desire to fully explore the whole-word measures herein; thus, it was thought that a word-types criterion was more appropriate than a time criterion.
Listeners
Ten very experienced speech-language pathologists served as listeners for the current study. This decision was made because it was thought that very experienced speechlanguage pathologists would be most familiar with the range of severity of involvement in the study population. It was also hoped that such familiarity might reduce the variability in ratings often observed in these types of studies. As well, by using very experienced clinicians it was possible to ask whether actual knowledge of the age of the child affected severity ratings or whether these experienced clinicians made adjustments for age based on the perceptual characteristics of the samples (i.e., could they infer age from what they heard?). For purposes of the current study, very experienced was defined to mean at least 10 years of clinical experience beyond the clinical fellowship year. Overall, the participating listeners had 10-30 years of clinical experience (M = 20.7 years, SD = 5.5 years), and all had considerable experience working with children.
Severity Ratings
The rating scale used in the current study (see Appendix A) was the same scale used in Shriberg and Kwiatkowski (1982) . Consistent with Shriberg and Kwiatkowski, listeners were presented with a scale that included values of 3-7, with 3 corresponding to a rating of mild and 7 corresponding to severe. The listeners were not given specific instruction on how to go about their ratings; they were simply told that the samples would be from children with delayed speech and asked to use their best clinical judgment and rate the samples for ''severity of involvement.'' Listeners were advised that ratings of 1 (normal ) and 2 (residual distortion errors) were not applicable to the children being rated. Midpoint values were available to the listeners, thus making it a 9-point scale.
Samples presented to the listeners were excerpts from the conversational speech samples from the original analog cassette recordings that had been digitized and stored on compact disc (see Flipsen, 2002 , for details on analog/ digital sample conversion). Included on the compact disc were three practice samples from similar children who had been part of another study but who met the same inclusionary and exclusionary criteria. The practice samples allowed the listeners to become acclimated to the task. No specific information about the practice samples was provided other than that they were obtained from children with delayed speech. Listeners could listen to the practice samples as many times as they chose before proceeding to the samples to be rated. Listeners were advised to listen to each of the study samples once only and circle the point on the scale that they thought best applied; only full or midpoint ratings were acceptable (i.e., 3.0, 3.5, 4.0, 4.5I7.0). All of the listeners heard the samples in the same order. Each listener rated the samples independently. Listeners carried out the ratings by listening to the compact disc containing the samples on personal computers equipped with sound cards and external speakers. Listeners used whatever specific equipment was available to them in their home or office; they were advised to use the same equipment to rate all 17 of the samples. This choice to allow listeners to use their own equipment was intended to mimic the process of making ratings as it might take place in a typical clinic situation. Listeners reported that they had used either a Windows-based (with Intel Pentium processor or higher) or Macintosh desktop computer coupled to speakers from manufacturers such as Harmon Kardon, Bose, or Boston Acoustics. All listening was done in sound field in quiet offices.
To examine whether knowing the age of the speaker actually affects ratings of severity, half of the judges (five) in the current study were blind to the age of the children. They were told only that the samples were from young children. The other five judges were provided with the specific age (in years and months) and gender of each child being rated. They were given no specific instructions about applying the age information other than being advised to use this information in whatever way they thought was appropriate to making their ratings. There was no significant difference in the amount of clinical experience between those who knew the age of the children and those who did not know the age of the children (Wilcoxon-Mann-Whitney p > .05).
Candidate Measures
Segmental measures. All but one of the previously described segmental measures were used in the current study. This included analysis of PCC, PCC-A, PCC-R, and PCI which were also subdivided into percentages for each of the three developmental sound classes, as well as percentages for singleton and cluster contexts. The error type measures (AOI, ASI, ADI, ROI, RSI, RDI) were also subdivided into percentages for the developmental sound classes. Each of these measures and subscales were included because clinicians might conceivably consider consonants, vowels, particular error types, or the presence or absence of particular phonemes as factors in making severity judgments. Thus, a total of 68 segmental measures were used, and there was no a priori reason to exclude any of them. Separate consideration of the developmental sound classes was included because the overall metrics ''may obscure important differences associated with only certain sounds or certain groups of sounds'' (Shriberg et al., 1997a, p. 710) . The PPK metric was not included in the current study because the large single-word sample required for PPK analysis had not been evoked for the 17 children included in the current (partly retrospective) study. Values for each of the included segmental measures from each of the 17 conversational samples were obtained using the PEPPER program.
Whole-word measures. All but two of the previously described whole-word measures were included in the current study. None of these measures appears to have been previously evaluated as a possible index of severity of involvement; thus, there was no a priori reason to exclude any of them. As with the segmental measures, clinicians might also conceivably consider word accuracy, the ability to understand the message, a combination of word length and accuracy, word length and accuracy relative to the target, or consistency of production as factors in making severity judgments. The PDI metric was not included because it was not clear which list of natural process descriptors would be most appropriate to use.
Values for the intelligibility index were obtained using PEPPER. The intelligibility index was included because, as noted earlier, it was not clear whether it was appropriate to include it in determination of severity. For the remaining whole-word measures (PMLU, PWP, WWA, PWV), transcript printouts from PEPPER were used as the basis for the calculations. Analysis of PWV was carried out manually by the first author, analysis of WWA was carried out manually by the second author, and analysis of PMLU and PWP was carried out manually by the third author.
Three of the whole-word measurements (WWA, PMLU, PWP) used samples that only included a single token of all available different words (both lexical and grammatical words) in the sample. Whenever more than one token of a word was available, the first token was selected for analysis. For PWV analysis, the word sets used for the other whole-word measures served as the starting point, but analysis of variability required that only words containing at least two attempts of the same word be examined. In all cases, proper names, diminutives (e.g., dolly, piggy), part and whole-word repetitions, and interjections (e.g., ''um,'' ''er'') were excluded from the analyses.
As noted previously, the samples used for analysis of WWA, PMLU, and PWP varied in length from 50 to 97 words. The sample including only 50 words also had the lowest intelligibility (41.5% words understood), but it was retained in the current data set because it did not appear to be skewed relative to word types (i.e., it included a similar percentage of grammatical words [24.1%] to the rest of the samples). In addition, it had the potential to add to the range of severity of involvement in the current data set. For the PWV analysis, the samples ranged in length from 26 to 45 words (M = 35.4, SD = 6.1), with the smaller sample sizes reflecting the use of only words with multiple attempts. The average number of attempts per word ranged from 2.8-5.6 (M = 3.8, SD = 0.7) across the samples.
The decision to include grammatical words in the current analysis differs from Ingram (2002) , who recommended analysis based only on lexical words (i.e., nouns, verbs, adjectives, adverbs, prepositions). Inclusion of the grammatical words (e.g., auxiliaries, determiners, pronouns, conjunctions, particles) was deemed important for the current study because the severity ratings were being made on the entire sample. As well, analysis indicated that grammatical words made up almost 30% of the different words in the current samples (M = 29.2, SD = 5.3, range = 20.5-40.0). Therefore, grammatical words had the potential to significantly contribute to the severity ratings. One possible risk of including the grammatical words was that many of these words might be produced differently in different sentence contexts. Thus, their inclusion might introduce some artificial variability that would be especially problematic for the PWV analysis. To rule out this possibility, a series of 34 Wilcoxon-Mann-Whitney tests were conducted comparing PWV values (both broad and narrow transcription versions; see below) of the grammatical words against the lexical words in the 17 samples. Only 1 of the 34 tests was statistically significant ( p < .05). Thus, variability was unlikely to have been affected by including the grammatical words.
Note that none of the published descriptions of four of the whole-word measures used in the current study (WWA, PMLU, PWP, PWV) include any mention of the level of transcription to be used (i.e., narrow vs. broad) in arriving at the scores for the measure. Thus, the measures might be interpreted quite differently by different clinicians or researchers and yield potentially very different results depending on the level of transcription selected. To examine whether different transcription levels affect the relationship between the whole-word measures and the severity ratings, both levels were applied independently. Thus, for each measure there was a broad transcription version (WWA-b, PMLU-b, PWP-b, PWV-b) and a narrow transcription version (WWA-n, PMLU-n, PWP-n, PWV-n). Whenever the broad transcription version was being applied, an error involved a mismatch between the main phoneme symbols in the adult target line of the transcript and the child's production line of the transcript (i.e., diacritics were ignored). Whenever the narrow transcription version was being applied, an error involved any difference in either the main phoneme symbol or any diacritics associated with the main phoneme symbol.
It is important to note that all of the analyses (segmental and whole-word) were relational in nature. PEPPER transcripts include the transcriber's best estimate of how a normal adult would have produced the target words in that particular sentence context. All of the ''target'' comparisons therefore accounted for context, and any normal allophonic or phonetic variation seen in adult speech would be considered normal.
Factors considered. Relative to the six articulatory competence factors that were identified above, four were examined in the current study. All but AOI, ASI, ADI, ROI, RSI, RDI, the intelligibility index, and PWV provide some direct or indirect index of the number of errors. AOI, ASI, ADI, ROI, RSI, and RDI index error types. Comparison of PCC, PCC-A, and PCC-R allows for consideration of types of distortions. Consistency is measured by PWV and intelligibility by the intelligibility index. Data on stimulability and sequencing were not available for the current participants.
Reliability
Procedures for estimating the reliability of the transcription of the conversational speech samples are described in Gruber (1999) . Values reported by Gruber were 74.1% and 77.7% for narrow transcription of vowels and consonants, respectively, and the corresponding numbers for broad transcription were 81.8% and 89.3%. Although lower than values for the potential severity measures (below), these values are consistent with other reports of transcription reliability (e.g., Shriberg & Lof, 1991) . Reliability analysis for the whole-word measures was carried out and consisted of having the manual counts repeated for 4 of the 17 (23.5%) samples; point-to-point agreement was calculated in each case. Reanalysis for PMLU and PWP was conducted by the first author and resulted in values of 94%, 92%, 83%, and 81% agreement for PMLU-b, PMLU-n, PWP-b, and PWP-n, respectively, based on a total sample of 328 words. Reanalysis for WWA was conducted on a total sample of 323 words by a trained graduate assistant. Results indicated values of 98%, 94%, and 94% agreement for number of phonemes, number of accurate phonemes (broad), and number of accurate phonemes (narrow), respectively. Reanalysis for PWV was carried out by a second trained graduate assistant on a total sample of 130 words (the smaller sample for PWV reflects the use of only multiple-occurrence words). Resulting values were 94% and 94% for PWV-b and PWV-n, respectively.
Data Analysis
To address the first research question, the variability in the ratings of all 10 judges was examined across all 17 samples. This was done both informally and using intraclass correlations. The ratings from the ''tin standard'' group (to be discussed) were then also examined for variability in a similar fashion. These ratings were then correlated with each of the candidate measures across the 17 samples. The severity ratings were ranked before their use to neutralize the possibility that the different listeners might have applied the scale differently. Given the exploratory nature of the current investigation, it was thought that the need to avoid possible Type II errors was as important as the need to avoid possible Type I errors. Therefore, no Bonferroni correction was applied, and an alpha value of p < .05 was used to determine the statistical significance of the correlations. Comparisons of the significant segmental and whole-word measures with each other were carried out by comparing the magnitudes of the obtained correlations using Fisher's z approach (Marascuilo & Serlin, 1988, p. 333) .
To address the second research question, two analyses were carried out. First, the ratings of the listeners who knew the age of the children were correlated with age and then compared with age correlations for the ratings of listeners who did not know the age of the children. Second, the ratings of listeners who knew the age of the children were compared directly with the ratings of the listeners who did not.
Results
Perceptual Severity Ratings
Median values for the severity ratings for the 17 children are shown in Table 1 . The data are presented separately for the 5 listeners who knew the age of the speakers and the 5 listeners who did not, as well as pooled across the overall group of 10 listeners. As can be seen in the last column of Table 1 , variability of the ratings for each speaker across the 10 listeners was considerable. In several cases, severity ratings ranged by as many as 4.0 scale units (the entire width of the scale available to the listeners). Of note is the finding that the overall ratings appeared to be less variable at the ends of the scale and more variable in the middle. Specifically, the narrowest ranges of ratings were obtained for 4 children who had overall median ratings of either less than 3.5 or greater than 5.75. Examination of the variability of the ratings suggested no systematic relationship with the age of the children (i.e., ratings were not any more or less variable with younger or older children). Statistical analysis suggested the range of ratings for children under age 4 (n = 8) was not significantly different from the range of ratings for children age 4 and older (n = 9; Wilcoxon-Mann-Whitney p > .05).
To formally evaluate the overall variability of the ratings, an intraclass correlation analysis (two-way, mixed model, consistency definition applied) was carried out yielding an intraclass correlation value of .405, F(16, 144) = 7.797, p < .05. Although statistically significant, this value suggests only poor-fair listener agreement (Fleiss, 1986, p. 7) .
A Tin Standard?
Despite the use of very experienced clinicians, a large amount of variability was observed in the current study; therefore, it was difficult to justify using them as the standard of comparison. One possible solution was proposed by Dollaghan (2003) , who noted that although we currently lack gold standards in our field, we might consider developing ''tin'' standards as an interim step. Using this notion, a tin standard was created herein using the ratings from a subgroup of the very experienced clinicians who largely agreed with one another. While limiting the generalizability of the current findings somewhat, such an approach allowed for an evaluation of the alternative severity measures relative to perceptual severity ratings and to each other.
The tin standard group was identified by correlating the ratings of the 10 listeners with each other in a pairwise fashion. All of the ratings for each listener were rank-ordered across the 17 children to control for the possibility that the listeners might not all be applying the scale in the same way; the subsequent rankings were then used for the correlations. Findings indicated that 18 of 45 correlations were statistically significant ( p < .05). The significant correlations ranged in size from .498 to .864. Examining the significant correlations, 2 groups of listeners emerged; the ratings from 6 listeners were each significantly correlated with 4-6 other listeners, and the ratings from the remaining 4 listeners were significantly correlated with 0-3 other listeners. The correlations among the members of the former group were examined, and 13 of 15 were statistically significant, while among the latter group only 1 of 6 correlations was significant. Thus, the former group of 6 listeners appeared to largely agree with one another, and this group was chosen to serve as the tin standard for the current study. Interestingly, this group included listeners who both did and did not know the ages of the children (n = 2 and n = 4, respectively). The amount of clinical experience in the tin standard group ranged from 10-30 years (M = 19.3, SD = 6.5). For the remaining 4 clinicians (not part of the tin standard group), clinical experience ranged from 20-27 years (M = 22.8, SD = 3.4). The tin standard group did not differ significantly from the other listeners in terms of years of clinical experience (WilcoxonMann-Whitney p > .05).
Severity ratings from the tin standard group are summarized in Table 2 . For 10 of the 17 children, the range of ratings was narrower than the overall ratings shown in Table 1 (i.e., from the original group of 10 listeners). Despite representing reduced variability, some variability remained. Specifically, for 5 children the ratings continued to vary by 2.5-3.5 scale units. Examination of the relationship between median severity level and the range of ratings revealed that this group represented 5 of 6 children who had received median ratings greater than 4.5 but less than 6.0. Median ratings of lesser or greater values were consistently less variable. Thus, like the ratings obtained from the original group of 10 listeners, variability depended upon relative position along the severity scale. Ratings at either end of the scale were less variable than ratings in the middle of the scale.
To formally evaluate the variability in the tin standard group, the intraclass correlation analysis (two-way, mixed model, consistency definition applied) was repeated and yielded an intraclass correlation value of .601, F(16, 80) = 10.038, p < .05. The value of the correlation was noticeably improved over that obtained with the original set of 10 listeners (.405), but it continued to reflect only fair agreement among the listeners (Fleiss, 1986, p. 7) .
Tin Standard Versus Candidate Measures
To try to control for the remaining variability in the severity ratings, the ranks of the ratings from the tin standard group were used to evaluate the candidate severity measures. Correlations between the median severity ratings and the candidate measures were carried out; correlations for 19 of the 68 segmental measures and all 9 of the whole-word measures were statistically significant ( p < .05); values for all of the significant correlations are shown in Table 3 . Variance accounted for ranged from 23% (PWV-b) to 61% (PMLU-n). For the interested reader, the complete set of correlation coefficients for the segmental measures is shown in Appendix B.
Pairwise comparisons among the significant correlations in Table 3 were carried out using Fisher's z approach (Marascuilo & Serlin, 1988, p. 333) , but no significant differences were obtained on any of the comparisons (all ps > .05). Thus, none of the measures in Table 3 would appear to have captured any more of the variance in severity ratings than any of the other measures.
Perceptual Severity Ratings and Knowledge of Speaker Age
The Spearman correlation between age and the median ratings of the five listeners who knew the age of children was not significant (r = -.185, p > .05). Likewise, the Spearman correlation between age and the median ratings of the five listeners who did not know the age of the children was also not significant (r = -.119, p > .05). There was no significant difference between the median ratings for the listeners who knew the age of the children and the median ratings of listeners who did not know the age of the children (Wilcoxon-Mann-Whitney p > .05). Taken together, it would appear that knowledge of the age of the children does not appear to have influenced the severity ratings (at least when those ratings are made by very experienced listeners).
Discussion
The finding of large variability in the current study is consistent with observations obtained in other studies (e.g., Rafaat et al., 1995; Sherman & Morrison, 1955) , and it supports the notion that ratings based on impressionistic judgments by individual clinicians (even those with considerable experience) are highly problematic. If even very experienced clinicians cannot agree on how severely involved a child is, what is the value of such informal ratings? Informal severity ratings are used in clinical practice in large part because of their utility in the busy workload of practitioners, but the results obtained in the current study raise serious questions about their use. These findings support the need for more objective severity measures.
The fact that the very experienced clinicians did not receive specific instructions on how to apply the rating scale certainly may have influenced the variability observed in the ratings. Findings reported by Zeplin and Kent (1996) suggest that even relatively inexperienced listeners can produce perceptual ratings that are highly reliable given training on the use of a scale that includes reference samples.
The finding that variability of the ratings was most pronounced in the middle of the severity range is not consistent with Rafaat et al. (1995) , who reported ''no significant differences in inter-clinician reliability as a function of severity level'' (p. 44), although they did report a ''greater disagreement among clinicians when they were rating children who were judged to be normal by the primary clinician'' (p. 42). Recall, however, that the category ''normal'' was not used in the current study. One reason for the difference between the two studies may be that Rafaat et al. were only comparing two judges per sample versus at least six in the current study. Thus, the current study may have been better suited to identifying the relationship between severity and variability. The reduced variability at the ends of the scale range may also have been due to floor and/or ceiling effects. One possible concern with the current study design is the use of conversational speech samples for determining severity of involvement, particularly when that speech is not fully intelligible. Any measure that requires consideration of performance on individual phonemes (as is the case for all of the measures in the current study except the intelligibility index) requires comparison against a specific target. As noted previously, this means that the analysis will be based only on that portion that could be understood by the transcriber (i.e., a potentially biased sample). The use of conversational speech also means the potential for considerable variation from sample to sample in terms of the distribution of phonemes attempted; this raises questions about comparisons involving the developmental sound classes or singletons versus clusters. Given that conversational speech is the most ecologically valid context (i.e., it is what speakers most often do), these are limitations we may simply have to live with. On the other hand, this may be an argument for including intelligibility in a multifactorial approach to assessing severity of involvement, because intelligibility measures at least give us a relative window into that portion of the sample that is not being considered by the measures that focus on target accuracy. An alternative to conversational speech might be the sentence imitation task proposed by Johnston et al. (2004) , who reported no significant difference in PCC obtained in their task versus conversational speech samples.
Another potential concern with the current study design is that the samples that the listeners evaluated differed in length. This approach ensured that listeners were hearing everything that had been used in the calculation of the candidate measures. However, this then raises the possibility that the listeners may have been unduly influenced by sample length (e.g., longer sample length might have implied greater severity of involvement). This possibility is supported by a post hoc analysis that revealed a significant correlation between the severity ratings of the tin standard group and sample length (r = .597, p < .05). However, as noted previously, the original samples varied in length because of a desire to obtain a representative sample of conversational speech (i.e., one that included at least 90 different intelligible words; see Shriberg, 1986) . Thus, variations in sample length reflected differences in intelligibility (and/or word choice) across the children. It should not be surprising, therefore, that intelligibility was also significantly associated with sample length (r = -.650, p < .05). This suggests that if there was any bias, the listeners could just as easily have been biased by intelligibility differences among the samples as by sample length. This highlights the previously mentioned concern that listeners may be unable to set aside intelligibility in severity ratings. Another concern with differences in sample length is that (particularly on some of the longer samples) the listeners may have each paid most attention during different parts of the sample.
Relative to the primary question in the current study, 19 of the 68 segmental measures were significantly associated with median severity ratings from the tin standard group of listeners. As noted earlier, the small number of listeners used in the present study limits generalizability somewhat, but several observations can be made about the particular constellation of significant measures obtained. First, all of the significant measures that specifically focused on error frequencies (i.e., all but AOI, ADI, ROI, and RDI) were negatively correlated with the ratings. Thus, as accuracy improved, severity ratings became lower (i.e., the children were rated as less severe). This finding is supported by the fact that 8 of 10 error type measures were positively correlated with the severity ratings (the presence of more errors meant being rated as more severely involved).
A second observation is that all four versions of AOI were significantly and positively correlated with the severity ratings. This suggests that omissions of many different kinds of consonants contributed significantly to the ratings by the very experienced listeners.
A third observation relates specifically to the relative error type measures (ROI). Two ROI measures (both Late-8 and Total) were positively correlated with the severity ratings. In contrast, two RSI measures (both Middle-8 and Total) were negatively correlated with the ratings. This suggests that the very experienced listeners treated the different types of errors differently when making decisions about severity of involvement. Omission errors were judged as more problematic than substitution errors. Interestingly, Shriberg et al. (in press) have argued that omission errors are more consistent with cognitive-linguistic constraints on storage and retrieval of the underlying representation of the target phoneme, whereas substitution and distortion errors suggest more accurate and accessible representations.
A fourth observation is that four of the significant measures in Table 3 were based in PCC-A, suggesting that the very experienced clinicians were paying attention to distortion errors, but they were more likely to discount common clinical distortions (assumed to be correct in PCC-A). Put another way, they appeared to be paying more attention to uncommon distortion errors. A general tendency to consider distortions is borne out by the finding that PVC and PPC were significantly associated with the severity ratings, but PVC-R and PPC-R were not. This latter finding raises a fifth general observation, which is that the listeners appeared to have been paying attention to vowel errors and in particular to vowel distortions when they arrived at their ratings.
Finally, relative to the whole-word measures, all proved to be significantly associated with the severity ratings from the tin standard group of clinicians. Thus, measures of overall word accuracy in an absolute sense (WWA) or a relative sense (PWP), word length and accuracy (PMLU), variability (PWV), and overall message transmission effectiveness (the intelligibility index) all appear to reflect in a significant sense the factors that very experienced clinicians may consider when assessing severity of involvement. It is interesting that both narrow and broad transcription versions of the whole-word metrics were significantly correlated with the severity ratings. This suggests that broad transcription conventions may be sufficient when using whole-word measurement to make severity assignments. If impressionistic ratings are to be subsumed by more objective measures, however, narrow transcription would need to be retained to be able to examine the influence of distortion errors.
The differences in the magnitudes of the correlations between severity ratings and PCC in the current study (-.468) compared with the coefficient found in Shriberg and Kwiatkowski (1982; -.62) could be due to many methodological differences. For example, the two studies differed in terms of sample length used for the ratings (1-min samples were used in the 1982 study). As above, judges' exposure to the entire sample of speech in the current study could have allowed them to base their ratings on different sections of the sample. The two studies differed noticeably in terms of sample size (30 vs. 17 herein). The two studies also differed in both the number of listeners (52 vs. 6 herein) and the experience level of the listeners. The use of only very experienced listeners in the current study was intended to reduce the degree of variability in the ratings, but as noted above, it clearly did not. One possible explanation is that very experienced clinicians may develop their individual sense of the factors to be considered when assigning severity categories (i.e., they may not have all been listening for the same thing). This suggests that differences in individual perspective of the listener judges may underlie the variability typically observed in clinical ratings of severity of involvement. It also supports the previously discussed suggestion about training in the use of rating scales if they are to be used. Alternatively it reinforces general concerns about the use of impressionistic judgments as the basis for rating severity of involvement.
Another interpretation of the lowered correlation between the total PCC and severity ratings is that the very experienced judges were being specific about what they were considering in their ratings (i.e., that they were paying more attention to specific types of errors or errors on certain targets rather than total number of errors). The above discussion about a possible focus on omissions and/or uncommon distortions supports this possibility. This degree of sophistication may be a reflection not only of the experience of this particular group of listeners but of our field in general. In the 20+ years since the link between PCC and severity ratings was reported, the focus of clinicians may have shifted to include consideration of such factors as error types and consistency of errors. A shift in emphasis by clinicians would also be consistent with the finding that all of the whole-word measures examined in the current study were significantly correlated with the severity ratings from the tin standard group of listeners. It would also be quite consistent with recent research literature on comorbidity of speech and language disorders (e.g., Shriberg & Austin, 1998) and/or interactions across levels of language (e.g., Tyler, Lewis, Haskill, & Tolbert, 2002) . Although beyond the scope of the current article, investigation of this possibility would appear warranted.
The failure in the current study to see any effect of knowing the age of the children on the severity ratings may reflect the narrow age range of the children that were rated. It may also be that all of the very experienced clinicians were able to use the acoustic characteristics of the children's voices to indirectly infer age; they might then have subconsciously factored age into their ratings in this age range. Alternatively, the small number of listeners used in the current study may have precluded finding significant effects. A final possibility is that the wide variability in the ratings themselves may have masked any effects.
Returning to a question raised earlier, the current study provides no definitive answers about what factors should be the basis for evaluating severity of involvement in speechsound disorders. One thing appears certain: A reliance on listener ratings for determining severity of involvement suggests no control over exactly what factors are being considered in such ratings. This means that factors that may not be appropriate, such as intelligibility, might be included. The very experienced clinicians in the current study appear to have considered some or all of the number of errors, error types (particularly omissions and unusual distortions), consistency, and intelligibility in arriving at their ratings. Statistical analysis suggests that none of the significant measures in the current study captured any more of the variance in the severity ratings than any other of the significant measures. Additional study with larger sample sets is clearly indicated to determine which, if any, of these measures might be better suited as an index of severity or if some combination thereof is more valid. Examination of measures that focus on stimulability and/or sequencing skills (not possible in the current study) may also prove fruitful. Further exploration of the whole-word measures is also indicated.
Conclusions
Findings of the current study indicate that the use of impressionistic rating scales for determining severity of involvement in children with speech delay is problematic. Ratings across listeners (even those with considerable experience) are variable and may be particularly so in the middle of the scale range. Several alternative measures are highlighted herein that appear promising as clinical measures of severity.
It remains unclear what specifically should be considered when assigning severity of involvement labels. Associations among the ratings and the candidate measures in the current study suggested that very experienced clinicians pay particular attention to the number, type, and consistency of errors as well as intelligibility when determining severity of involvement. They also appear to pay attention to articulatory competence at both the segmental and the whole-word levels. Further investigation of the phenomenon of severity of involvement in speechsound disorders is clearly warranted. Note. PCC = percentage of consonants correct; PCC-A = PCC-Adjusted; PCC-R = PCC-Revised; PCI = percentage consonants in the inventory; PVC = percentage of vowels correct; PPC = percentage of phonemes correct; AOI = absolute omission index; ASI = absolute substitution index; ADI = absolute distortion index; ROI = relative omission index; RSI = relative substitution index; RDI = relative distortion index.
*Statistically significant (p < .05).
PCC-R clusters Total -.415 .097
